


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1951 


Determination of the effect of performing a 
Simple task over a prolonged period on the 
rate of energy expenditure. 


Behl, John Henry 


Purdue University 


http://ndl.handle.net/10945/14055 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 


| (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist sha Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

ia) LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


| | Theses 
B35s 














DETERMINATION OF THE EFFACT OF PAMYORMLING A SLUPLE TAGA OVER 
A PROLONGED PLKIOD ON THE RATE OF ZNEHGY EAPENDITURE 
A Thesis 
Submitted to the Faculty 
of 
Purdue University 
by 
John lienry Behl 
in Fartiel Fulfillment of the 
Requirements for the Degree 
of 
Master of Science in Industrial Engineering 

June, 1931 


A / S 
Col: 
("B35 


aS aie3 acwele 4 Wir ws DaevER At &@ felts 
ee le tee le Ad YT se dolecd GeaQlors 4 
erael + 
wW luna etd of beri ais 
we 
VWilaevertisl ew reut 
w 
fiet, cuteh mict 
ett Wo Commi litivt felfa’ af 
me! eat tat einen ive! 
we 
galvewatpoa Laryimoasl ai eumie® Yo tafeqw 
ietd ,wawe 


ACKNOWLEDGEMENTS 


I want to express my sincere appreciation to Professor 
S. Tilles for his guidance and assistance in organizing 
this thegis, and to Dr. V. L. Anderson for his assistance 
in the statistical analysis. I also want to thank the nine 
students who gave up six hours of their time to provide 
the data for this thesis, and my wife for helping make it 
a finished product, 


somestrt OF mALFNLeotGNS etavtla Yi BdoTUrS oF teow 2 
pehalaegro ui aoetatnas sae wemmbivg alé wel walllt «3 
aeactelnas Bid wet seems, wd .F ooh oo Ame clase! ofae 
endo e¢f Gets oc Joew coin lL .onRt ines dneléettetu wt at 
ebiver of seh? tied? to wwwed ete q Ovag ate atushute 
.Touberm Getaielt 6 








TABLE OF CONTENTS 


ABSTRACT . «2 © © © e © © wo © oe oO 
INTRODUCTION AND PURPOSE . . « « «© « « 
PROCEDURE .« «eee eee e ce tee 
RESULTS AND CONCLUSIONS . . « « « « « 
APPENDIX Ae SAMPLE CALCULATION ... 
BIBLIOGRAPHY . «© © © © © e © © © © © © 


i w «4 . = 
$ §; wee 6G 
. ia « @ 


LISTS OF TABLES AND FIGURES 


List of Tables 


Table 
1. Age, height end weight of students. . 
@. Sequence of tests. . « «+ «© © © © © o @ 
3S» Results for student number 1... -e 
4. Results for student number 2... . - 
5S. Results for student number 3... « . 
6. Results for student number 4.... -. 
7. Results for student number 5 .... . 
6. Results for student number 6.... .- 
9. Results for student number 7... . « 
10. Results for student number S&S . . « « e 
ll. Results for student number 9... . « 
12. Recapitulation of slopes for test l. . 
13. Recapitulation of slopes for test 2. . 
14. Recapitulation of slopes for test 3. . 
15. Recapitulation of percentages for test 
16. Recapitulation of percentages for test 
17. Recapitulation of percentages for test 

List of Figures 

Figure 
1. Positions for test 1... .. ss « « « 
2. Positions for test 2...++ ss © « 


Se 


Positions for test 3 ...+e«-. 


Gg nw - 


Page 


« 10 


ett Gee. Guest VW ~PSin 


weltel Yo #eld 
ahd 


ee 8 te ks eee Yo Septem bow Scales ae 
so L eed Tnededo Oy ethene 
. . + 2 Iwo donbote tel efineed 
. . 6 wedeus foebeds tet atinged 
@ tots Meese col al Lumet 
6 tet Faodut> *Ot oF Leah 
, © vedmum Peetwre cot et ivecd 
eee see eo ow os » © OC Seebuee vod od ened 
sete se eo ee ee OO Thee Sot of ined 
aves ss we s 6 os oe so 8 ee debete COT a2 look 
ee we ow ee ok Od DOR eegele Ie aoldoioviquoed 
2 bos so 6 of Cee eo amdeda to anbdaissiqueeh 


. 6 e - 2 Oa 
. v . * re 
* . +. o . 
. ° . ° * o 
we e e oo 
«e oe om 
a » . 
7 - . C2 
. e - * o 
e oo 
« ° 
° « 


. 
o 
a 
° 
a 
« 
e 
- 
* 


: 
e 
“x. 
of 
or , 
oe 
wl. 
es 
ei. 
es. 
i 
sx 
oe 
a 
me 
» 
“ 


eBREREER RT Ete ee HES 





ertapet Go mele 








ese cee =  w& 6 .. os . « £ Ceee ced eanddieut ai 
— 7T7 #2, © @ 4 ~~ oo we "2. FF + & fees sot scobddect oe 
Mh eee ee ee ee Cee Sey cunlelect .e 


ABSTRACT 


Although there have been numerous experiments involving 
the use of metabolic equipment for measuring energy expendi- 
ture during the performance of a simple task, none of these 
have been conducted over a prolonged continuous period. 

This thesis involved taking three simple tasks and finding 
the effect on energy expenditure of performing these tasks 
for sixty-four minutes without interruption. The tasks used 
were} 


1. A seventeen inch transfer of small steel balls at a 
tempo of 96 one way beats per minute of a metronome, 


&. A twenty-five inch motion for each arm between two 
points at a tempo of 160 one way beats per minute of 
&@ metronome, 

3. Pedaling a bicycle, with chain disconnected, at a 
tempo of 133 one way beats per minute of a metro- 
nome. 

The results of this thesis indicate that the energy 

expenditure appears to rise rapidly at the beginning of the 
simple task and does not change significantly for at least a 


period of time of sixty-four minutes. 
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DETARMINATION OF THE EFFECT OF PERFORMING A SDAPLE TASK OVER 
A PROLONGED PERIOD ON THe RATE OF ENERGY EXPENDITURE 


INTRODUCTION AND PURPOSE 


This is another in the series of theses conducted in 
the Metabolic Laboratory of Purdue University and employing 
the use of the Sanborn E1S Metabolian Tester. During the 
years since 1907 there have been many experiments conducted 
involving the measurement of energy expenditure by use of 
metabolic studies of various tasks, but none of these studies 
have been conducted for e prolonged continuous period. This 
thesis is undertaken to determine just what effect a pro- 
longed period of performance of a simple task will have on 
energy expenditure. A bi-product of the research will bea 
statement of the length of time, up to the time linit used, 
that each of the simple tasks employed oan be accomplished 
vefore a significant ohange in energy expenditure is noted. 
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PROCEDURE 


Due to the length of time required to test each student 
and the number of theses being conducted on the metabolic 
equipment at the time of this study, it was decided to limit 
the testing to nine male students. These students were 
selected at random from motion and time study classes at 
Purdue University. No attempt was made to select students 
of the seme age, height or weight, as can be seen in Table l. 

The limitations explained in the previous paragraph are 
also the reasons that the time of testing was not limited to 
the early morning period. To eliminate the possibility of 
the order of tests having an effect on the results, the tests 
were conducted in accordance with Table 2. Only one test per 
student was conducted on any particular day, 

Prior to each test the student to be tested was allowed 
to become familiar with the procedure in performing the task. 
On the day a particular test was to be performed the student 
came to the laboratory and spent the first thirty minutes 
resting in a reclined position. Just prior to the end of 
the thirty minute rest period the student got into position 
for the test to be performed; the nose clamp was adjusted 
and the mouthpiece shield inserted. With the beginning of 
the test as "zero" time, the following schedule was adhered 
to for all the tests: 
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TABLE 2 
SEQUENCE OF TESTS 


ord 
ZEST 


lst 
TEST 


Time Elapsed Time Action 


00-01 1 minute Operator breathed room air while 
performing task. 


01-05 4 minutes Without knowledge of the operator, 
the metabolic equipment was turned 
on and a record run was made, 


05-10 5 minutes Same as 00-01 minutes. 
10-14 4 minutes Same as 01-05 minutes. 
14-20 6 minutes Same as 00-01 minutes. 
20-24 4 minutes Same as 01-05 minutes. 
24-350 6 minutes Same as 00-01 minutes. 
50-34 4 ninutes Seme as 01-05 minutes. 
34-40 6 minutes Same as 00-0] minutes. 
40~44 4 minutes Same as 01-05 minutes. 
44-50 6 minutes Same as 00-01 minutes. 
50-54 4 minutes Same as 01-05 minutes. 
54-60 6 minutes Same as 00-01 minutes. 
60-64 4 minutes Same as 01-05 minutes. 


Test 1 consisted of a seventeen inch transfer, by the 
right hand, of small steel balls at a tempo of 96 one way 
beats per minute of a metronome. This task was rated at 
110 percent of standard pace by comparison with a multi- 
image step film.+ It ie the exact task used by J. A. Marks 
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o As, ffect of Praise and Reprimand on Workers 

Eneray Expenditure, Master of Science Thesis, Purdue 
University, Lafayette, Indiana, 1951. ' 
Surface, W. D., The Effect of Music on the Metabolic Rate 
of Workers, Master of Science Thesis, Purdue University, 

‘et 

Test 2 consisted of a twenty-five inch motion for each 
arm between points on the table edge at a tempo of 160 one 
way beats per minute of a metronome. This task was rated at 
135 percent of standard pace. This task is similiar to one 


of the tasks used by S. Tilles in his work.® See Figure 2. 





Saabevn Sib Metabelide Uaeeae Wh Desle Ei Study Experi- 
——— Master of Seience Thesis, Purdue University, 





Test 3 consisted of pedaling a bicycle, with the chain 
to the back wheel disconnected, at a tempo of 138 one way 
beats per minute of a metronome. This task was rated at 
120 percent of standard pace. See Figure 3. 3 
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POSITIONS FOR TEST S 








RESULTS AND CONCLUSION 


The method of least squares was used to calculate the 
slopes of the charts obtained from the metabolic tester. 
Tables 3 to ll contain the results for the various students. 
Tables 12 to 17 present the information for all students for 
each test, and also include the values of "t" obtained by the 
Student "t" technique of statistical analysis. Appendix A 
ghows ab example of how these "t" values were calculated, 

The Student "t" technique indicated that for each of the thre 
tests there was no significant difference, at the five per- 
cent level, between the base reading for the test and the 
readings taken at any other time during the test. In the 
analysis, all the values obtained for student 8 were omitted 
as that student was a oontrolled breather and his charts did 
not have sufficient points to give a consistent value. The 
information for student 7, test 2, was also eliminated due to 
the fact that the nose clamp became loose during the base run 
and caused the obviously false readings. 

The conclusion arrived at is that for a relatively 
simple task similiar to those used in this thesis the energy 
expenditure rises rapidly during the first minute of perform- 
ing the task and does not change significantly for at least 
sizty-four minutes. Since all the previous experiments in 
the Purdue Metabolic Laboratory have been based on the fact 
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that the energy expenditure did remain constant, this thesis 
helps to verify that fact. It also points out that rest 
periods need not be used once the task has commenced if all 
readings can be obtained in a one hour period, 
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STUDENT NUMBER 2 


TEST TIME(MIN) ZEMP, SLOPE  % OF 01-05 Mil. 


TABLE 4 


1 01-05 27 ¢ 2 458 100 
10-14 28 C 0475 104 
20-24 29 ¢ 0451 98 
30-34 29 ¢ 492 107 
40-44 30 C 0432 94 
50-54 31 C 442 97 
60-64 31 C 2 450 98 
2 01-05 26 C 0634 100 
10-14 27 C 619 9t 
20-24 27 C 2589 93 
40-44 27 C 590 93 
50-54 27 C 625 99 
60-64 27 ¢ 0535 84 
s 01-05 26 C 531 100 
10-14 26 C 619 117 
20-24 27 0 - 609 115 
30-34 27 C 584 110 
40-44 27 ¢ 2549 103 
50-54 28 C 562 106 
60-64 28 C 528 99 
TEST 1 TEST 2 TEST 3 
DATE 3/23/51 4/4/51 3/19/51 
START TIME 4:20 P.M. 9:19 P.M. 300 P.M. 
BAROMETER 29.37" 29.29" 29.37" 
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TABLE 5 





1 26 C 42 100 
27 C 04 104 
28 : » 409 oY 
28 2392 
28 C e421 100 
* : 2414 
0425 100 
£ 22 : ~575 100 
23 ©5919 °° 
. C » 492 8 
528 92 
: - 496 86 
_— 26 
Cc 0475 83 
3 25 C o 71E 100 
25 ‘a. 968 
27 . 669 93 
26 . 689 96 
28 . 689 96 
29 - 767 107 
29 839 117 





TEST 2 TEST 3 


TEST 1 
he Ne ol. TTS Peas. Oe a 
29.335" 29.47" 

















START Tie 
BAKOMETER 


01-05 29 
10-14 30 
20-24 30 
30-54 50 
40-44 31 
50-54 al 
60-64 oe 
01-05 30 
10-14 30 
20-24 29 
30-34 29 
40-44 30 
50-54 29 
60-64 ol 
01-05 22 
10-14 22 
20-24 24 
30-34 25 
40-44 25 
50-54 25 
60-64 24 
TEST 1 
4/27/51 
:00 P.M. 
29.49" 


, 114 
446 102 
‘ 104 
402 92 
426 97 
666 100 
.735 110 
638 96 
- 625 94 
- 600 90 
629 a4 
. 640 96 
-618 100 
~810 131 
. 708 115 
. 688 111 
687 111 
0747 121 
~ 787 127 
THST 2 THOT 3 
4/25/51 4/9/51 
4:07 P.M. 10:45 A.M. 
29.24" 28.96" 





STUDENT NUMBER 5 


fest Tine (MIN) 


1 


TEMP. 
01-05 24 C 
10-14 25 ¢ 
20-24 25 C 
30-34 26 C 
40-44 27 C 
50-54 27 C 
60-64 27 C 
01-05 22 ¢ 
10-14 25 ¢ 
20-24 £5 C 
ro-tt 26 C 
40-44 26 C 
50-54 27 C 
60-64 27 C 
01-05 22 C 
10-14 24 C 
20-24 24 C 
30-34 23 ¢ 
40-44 24 ¢ 
50-54 24 C 
60-64 24 C 
TEST 1 
4/12/51 
12:50 P.k. 
28.70" 


TABLE 7 


» 482 100 
521 108 
0484 100 
0489 101 
2539 1l2 
0471 98 
0 443 92 
709 100 
682 96 
639 90 
633 89 
584 82 
602 85 
0677 95 
651 100 
0756 116 
690 106 
» 689 106 
0656 101 
599 92 
625 O6 
TEST 2 TEST 8S 
4/9/51 4/19/61 
1:00 P.M. 12:48 P.M. 


28.94" 29.56" 





TABLE 8 
STULLNY NUMBER 6 


TEST TOME(MIN) ZiMP. SLOPR $% OF 01-05 MIN, 


1 01-05 25 © 0470 100 
10-14 25 C 0435 93 
20-24 26 C 458 97 
30-34 26 ¢ 0 449 96 
40-446 27 C ° 96 
§0-54 27 C 0424 90 
60-64 28 C 429 91 
2 01-05 27 © 0727 100 
10-14 27 © e 766 105 
20-24 28 C ° 96 
50-34 27 C ©7038 97 
40-44 27 ¢ «600 82 
§0-54 268 C » 636 88 
60-64 28 C 617 85 
3 01-05 26 ¢ 0825 100 
10-14 27 CG S38 102 
20-24 28 ¢ 849 103 
30-34 28 C 841 102 
40-44 29 ¢ 916 lil 
50-54 29 C e925 112 
60-64 29 ¢ 1.006 122 
TEST 1 TuST 2 TzsST 3 
DATE 4/20/51 4/13/51 4/14/51 
‘ IME 9:48 A.M. 4:00 P.M. 2:40 P.M. 





29.62" 28.74" 28.92" 








01-05 25 
10-14 25 
20-24 26 
30-34 26 
40~44 27 
50-54 27 
60-64 27 
01-05 25 
10-14 26 
20-24 27 
30-34 28 
40-44 28 
50-54 28 
60-64 28 
01-05 27 
10-14 28 
20- 28 
4 28 
40-44 29 
50-54 29 
60-64 29 
TEST 1 
6/% 
2:40 P.M. 
29.29" 

















TABLE 10 


1 01-05 24 C 0454 100 
10-14 25 © e589 86 
50-34 26 C 2 580 84 
40-44 26 C e572 82 
00-54 27 C e366 B1 
60-64 27 C 2598 88 
r 01-05 27 C 2490 100 
LO0=-14 28 C 0422 86 
20-24 26 C e559 114 
30-34 26 C e685 140 
40-44 26 C «508 104 
50-54 26 C «742 151 
60-64 28 C « 686 140 
5 01-05 28 © o 567 100 
10-14 29 ¢C 0595 105 
20-24 28 C e 445 78 
30-34 27 © e611 108 
40-44 27 Cc e 88 
50-54 27 C 0614 106 
60-64 27 C 2497 88 
TEST 1 TEST 2 TEST 3 
4/19/51 4/18/51 4/16/51 
4:16 P.M. 4:50 P.M. 4:27 P.M. 





29.58" 29.00" 29.52" 





TABLE 11 
STUDENT NUMBER 9 


tEST TIME(MIN) 2m,  SLOPR 4 OF 01-05 MIN. 


1 01-05 27 ¢ 510 100 
10-14 27 C 481 94 
20-24 27 C 0438 86 
30-34 29 ¢ ° 500 98 
40-44 29 CG eo8s 76 
50-54 29 C 0 466 91 
60-64 30 C 0456 89 
2 01-05 27 C 2555 100 
10-14 27 C © 624 112 
20-24 27 C » 609 110 
30-34 27 C e623 112 
40-44 28 C 2625 113 
50-54 28 0 601 108 
60-64 28 C » 644 116 
3 01-05 31 ¢ 0704 100 
10-14 32 Cc e731 104 
20-24 32 C 695 99 
BQmS4 33 ¢ o 739 106 
40-44 33 0 698 99 
50-54 34 C6 699 99 
60-64 34 C 2 664 94 
TEST l TEST 2 TEST 3 
DATE 4/24/51 4/23/51 5/21/51 
START TIME 12:40 P.M. 2:36 P.M. 2:30 P.M. 


BAROMETER 29.45" 29.60" 29.18" 
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"t" value 


0 450 


0434 
0475 
2458 
»502 
-522 


TABLE 12 
RECAPITULATION OF SLOPES FOR TST 1 


20-24 SO-54 Ands 


e450 


0 455 


pe, Ts 


0549 
0452 
0421 


0572 
0 385 
0160 


pO=54 


60-64 
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TABLE 13 
RECAPITULATION OF SLOPES FOR TEST 2 


a id 


o @o ww eer» @ ew F- 


Tule 


612 
0619 
0519 
0735 
« 682 
o 766 
e711 
e422 
o 624 
0525 


«600 


“BSR S88 EE 


Ce) p Prd 
“a. 


1.862 


0965 


Yor six degrees of freedom "t" is £1447 at 5% level. 
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TABLE 14 
RECAPITULATION OF SLOPES FOR TEST 3 
Q1=05 LOm14 20724 50-54 40-44 50-54 60-64 


1 754 .736 .660 .628 .622 .668 #£#.674 
2 SSL 619 ¢ 609 584 £.549 562 # .528 
xo) 718 #£«+.703 «569 - 689 o 689 0767 889 
4 616 .810 .708 .688 .667 #.747 #«.787 
5 651 «756 «690 - 689 656 e599 625 
6 625 .855 .849 .841 .916 .925 1,006 
7 905 .642 .840 .814 .769 .821 #4««.788 
8 567 595 04435 e611 0501 614 .497 
9 0704 e731 0695 e739 « 696 © 599 «664 
nye value 365 .0906 .020 .156 .257 # 4.488 


For seven degrees of freedom "t" is 2.565 at 5% level. 
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TABLE 15 
RECAPITULATION OF PERCENTAGES FOR TEST 1 


STUDENT O1-05 10-14 20-24 50-54 40-44 50-54 60-64 


i 100 101 105 107 126 110 107 
z 100 104 98 107 ah wf 98 
5 100 104 97 95 100 98 100 
4 100 114 102 102 104 92 97 
5 100 108 100 101 112 98 92 
6 100 93 a7 96 96 90 91 
7 100 92 89 88 90 92 84 
8 100 86 107 84 82 61 88 
9 100 04 86 98 76 91 89 


“t" value 0455 1.444 0427 e000 1.754 2.061 
For seven degrees of freedom "t" is 2.365 at 5% level. 


i Foes Ot CATON CO Go TAT Adee 








£ 





VoL 


om eet OOL 


Os 





6 a 2 @ 


$335 
22%s 
eeee 
seis 


- 8 @& 





238 
238 
e323 


e232 














TABLE 16 
RECAPITULATION OF PERCENTAGES FOR TEST 2 
SEUDENT Qi-05 10-14 20-24 30-54 40-44 50-54 60-64 


a 100 102 100 103 99 106 L035 
2 100 98 9S 91 935 99 84 
o LOO 90 86 92 86 96 83 
4 100 110 96 94 90 94 96 
5 100 96 90 89 62 ES 95 
8 100 105 96 97 82 88 85 
7 100 145 142 LSS 157 126 150 
8 L100 66 114 140 104 151 140 
3 100 112 110 112 113 108 116 


"t" value -626 2.185 1.025 1.947 1.050 1.193 
For six degrees of freedom "t" is 2.447 at 5% level. 





TABLE 17 
RECAPITULATION OF PERCENTAGES FOR TEST & 


STUDENT  Q1-05 O-]4 20-24 50-54 40-44 50-54 60-64 


1 100 100 90 86 85 91 92 
2 100 117 115 110 103 106 99 
3 100 98 93 96 96 107 117 
4 100 131 115 112 111 121 127 
5 100 116 106 106 101 92 96 
6 100 101 103 102 112 112 122 
* 100 71 95 90 67 91 87 
8 100 105 78 108 8& 108 88 
9 100 104 99 105 99 99 94 
"t" value 0-760 .506 .230 .256 .609 #««.785 


For seven degrees of freedom "t" is £.365 at 5% level. 
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APPENDIX A 


Sample Calculation 


Test 1 
Slopes Percentages 
Student 01-05 10-14 @1-05 10-14 
1 0430 0434 0 1 
2 ° 458 0475 0 4 
3 0425 0438 0 4 
4 «459 502 te) 14 
5 0482 521 fe) G 
6 0470 0435 0) -7 
7 0541 498 0 -8 
. «510 481 0 ~6 
£x 5.753 3.784 0 10 
. 469 0473 0 1.25 
(<x)* 14.085009 14,.3186556 © 100 
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01-08 


1.760626 
1.772319 
0001670 


10-14 


1.789652 
1.797860 
0001147 


019 


0004 
e210 


01-05 10-14 
0 12.5 
0 442.0 
") 429.5 

20746 
1.25 
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